_____________________________________________________________________________________
Dear Prof. Meijer, Thank you for your submission to this Special Issue of EJN. It has been reviewed by external reviewers as well as by the Guest Editor, Rae Silver, and ourselves.
As you will note, the expert reviewers very much appreciated your thoughtful manuscript, and provided some minor comments and corrections. These can readily be incorporated in a revised version of the manuscript.
On some different aspects, please submit a graphic abstract as that will draw attention to the article. Also, consider the editorial office suggestion that the title is vague: to the general neuroscience readership of EJN, the meaning of clock and pacemaker may be quite obscure. Finally, I (RS) assume that Joke Meijer is the senior author and might want to be listed as such (i.e. Michel and Meijer). That would be consistent with all the other senior authors in the special issue.
We noted a few other points that will need to be addressed int he revised version.
-Probably a good idea to include SCN in the fey words -I (PB) don't think that the legends to Figs 1 and 2 really explain the figures. e.g. in Fig 1 I think it should read: 'An absence in either of them (C, E) will result in lack of rhythmicity at the tissue level (D, F)'. Perhaps they could be clarified.
- Figure 1 needs labels for the axes.
-We also need an author contributions statement, a conflict of interets statement and a list of abbreviations.
When revising the manuscript, please embolden or underline major changes to the text so they are easily identifiable and please don't leave 'track change' formatting marks in your paper. Please ensure that you provide a text and a figure file for the Graphical Abstract (as detailed in the instructions below). When carrying out your revisions please refer to the checklist below and visit the EJN author guidelines at www.ejneuroscience.org When finalized, please upload your complete revised manuscript onto the website, as a Word file (.doc, or .docx) . Please also ensure that a complete set of tables and figures is included as separate files, even if these have not changed from the originals. At this stage it is necessary to provide high resolution figures. Please see important instructions below.
Please go into https://mc.manuscriptcentral.com/ejn -Author Centre -manuscripts with decisions where you will find a 'create a revision' link under 'actions'. We ask that you please indicate the way in which you have responded to the points raised by the Editors and Reviewers in a letter. Please upload this response letter as a separate Word (.doc or PDF) file using the file designation "Authors' Response to Reviewers" when uploading your manuscript files. Please DO NOT submit your revised manuscript as a new one. Also, please note that only the Author who submitted the original version of the manuscript should submit a revised version.
If you are able to respond fully to the points raised, we would be pleased to receive a revision of your paper within 30 days.
Once again, thank you for your support off this Special Issue of EJN.
Best wishes,

Rae Silver
Guest Editor and Section Editor and Paul Bolam & John Foxe co-Editors in Chief, EJN
Reviews:
Reviewer: 1
Comments to the Author
The outstanding capacity of the SCN to function as a biological circadian clock makes it a continuing point of interest with neuroscientists. This is therefore a timely review for the EJN audience, a review that covers the interplay between electrical activity in the SCN and circadian behavior. Understandably, it draws directly from the work of the Authors, a well renowned circadian laboratory. It does not cover the molecular aspects of SCN time-keeping but I presume this will be a topic for other contributors to the series. I have minor suggestions to make -the substance of the article hits the mark.
1. Right from the title, I do not know what the Authors mean by "oscillator" versus "clock" versus "pacemaker" versus "entrained pacemaker" [and possibly also versus "calendar"]? Perhaps they would like to provide early working definitions on how these functions are different, albeit related? 2. A core theme is that daylength/ photoperiod is encoded by the duration of elevated electrical firing in the SCN. The Authors should point out one important biological relevance of this: the photoperiodic, SCNdependent control of the duration of nocturnal melatonin secretion by the pineal gland. SCN waveform is important in seasonal timing because of its effect on the corresponding melatonin profile, and all mammalian photoperiodic seasonality springs from that (no pun).
3. "….Therefore, understanding the cellular mechanisms of aging-associated clock disorders, will allow to target and restore circadian dysfunction and partly also associated neurodegenerative diseases (Kondratova & Kondratov, 2012)….." I do feel that this is a superficial statement, as is the cited reference. We will solve Alzheimer's by understanding the SCN clock? Really? A case can be made but with better and more comprehensive argument: for example the recent evidence of amyloid clearance during sleep, the pervasive circadian control over protein quality control mechanisms, etc. It might also be argued that there is tighter evidence of mechanistic interplay between the clock and Huntington's Disease than there is between the clock and AD.
4. There are a couple of points where correlation and causation may need to be better teased apart.
a. "…Thus, the SCN functions as a gate, allowing behavioral activity when electrical activity is below the 50% level and suppressing it when SCN activity rises above the 50%...."
The cited TTX experiments highlight the necessity of SCN activity to suppress mouse behaviour, but has the effect of direct interventions, by optogenetics for example, shown the sufficiency of SCN firing? b. "……The different sleep stages have an immediate effect on the SCN:…." They are clearly associatedbut the causal mechanisms and the direction of the effects are opaque, I'd say 5. "…While the difference in their cycle length is only minor, this can have huge impact on their temporal profile, as a consequence of a sudden transition in SCN rhythm-waveform…." I love this point but it really is pretty speculative (huge?) and so could be re-phrased as such? Perhaps the measures of phase we have are inaccurate and the "huge" differences are in error or are caused by something else other than a tiny variance of Tau? 6. I love this even more "….The doctrine of making phase response curves has thereby hidden the possibility that stimuli have immediate effects….." -"to paraphrase: we've been looking in the wrong way". This is a real take home message for me in reading the ms.
Tidy-ups:
Unclear sentence "…..and are affected by (dim) and light at night…."
Typo "…..the SC increased instead…." "….Recently, immense interest has developed in the effect of exercise….."
Immense may be an over-statement. I've told you a million times not to exaggerate…..
Reviewer: 2
Comments to the Author This is a nicely written review that discusses how the SCN functions at the tissue level through the coordination of independent cellular oscillators into a functional ensemble, how the SCN is set via photoperiod and photic entrainment, and how behavioral and other internal cues feed back to impact SCN function.
I enjoyed reading the manuscript and my comments are relatively minor: 1) On page 3, the first sentence of the Introduction notes the importance of the discovery of the SCN as the mammalian clock. I would suggest citing Stephan and Zucker, 1972 and Moore and Eichler, 1972 here.
2) Throughout most of the manuscript, findings are discussed in present tense. I noted a few cases where past tense might be changed to present for the sake of consistency (e.g., p.3, 3rd para, line 8 -change 'were' to 'was'; p.4, 2nd full para, line 5, change 'was' to 'is').
3) P.4., line 6, I think 'past' is supposed to be 'part' 5) P. 6, at the beginning of the photic entrainment section, the authors describe non-parametric entrainment, making it appear as though entrainment only occurs through this mechanism. Later in this section, the authors allude to parametric entrainment when describing differences between diurnal and nocturnal animals. I suggest describing both mechanisms of entrainment at the beginning of the section to inform naïve readers of the two mechanisms of entrainment and set the stage for later discussion of parametric entrainment. 6) P.6, in the discussion noting the discovery that rods/cones are of importance for photic entrainment following the identification of ipRGCs, the authors might consider citing Panda et al., 2003 and Ruby et al., 2002 since these were early demonstrations that entrainment is only marginally affected in Opn4-/-mice. 7) P.6., 7th line from the top, 'exhibit' should be 'exhibiting' to be in agreement with 'showing' earlier in the sentence. 8) P.6., lines 10-11 from the top, 'Therefore understanding the cellular mechanisms…' -the second half of this sentence might read better as '…will allow targeting and restoration of circadian dysfunction…' 9) P8., top, two genus/species mentioned should be in italics 10) P8., second full para, '…is also at the level' might be changed to something like 'is also observed at the level…' 11) P.9, ad libitum should be in italics 12) P.10, in vivo should be in italics 13) P.11. first line, 'SC' should be 'SCN' ____________________________________________________________________________________ Authors' Response 23-Jan-19
_____________________________________________________________________________________
We like to thank the reviewers for their positive comments on our manuscript. Below are our detailed responses to the suggestions.
Reviewer: 1
Comments to the Author The outstanding capacity of the SCN to function as a biological circadian clock makes it a continuing point of interest with neuroscientists. This is therefore a timely review for the EJN audience, a review that covers the interplay between electrical activity in the SCN and circadian behavior. Understandably, it draws directly from the work of the Authors, a well renowned circadian laboratory. It does not cover the molecular aspects of SCN time-keeping but I presume this will be a topic for other contributors to the series.
Indeed this is the case. However, to acknowledge the Nobel-earning findings on molecular clock mechanisms in this special issue, we added the corresponding references to the introduction.
I have minor suggestions to make -the substance of the article hits the mark.
1. Right from the title, I do not know what the Authors mean by "oscillator" versus "clock" versus "pacemaker" versus "entrained pacemaker" [and possibly also versus "calendar"]? Perhaps they would like to provide early working definitions on how these functions are different, albeit related?
Our definitions of oscillator, clock and pacemaker are now added at the end of the introductory paragraph, as follows:
"In this chapter, we distinguish between 'oscillator', 'clock' and 'pacemaker' (Meijer & Rietveld, 1989) . We define an oscillator as a structure that is autonomously able to produce rhythms.
Evidence that the SCN functions as an oscillator come from early in vitro studies, showing that in a continuous environment, the SCN continues to oscillate (Groos & Hendriks,1982; Green & Gillette, 1982) . A pacemaker is defined as a structure that has the ability to drive other structures rhythmic. Elegant proof for the pacemaker function of the SCN comes from transplantation studies, first developed in the Silver lab (Lehman et al., 1987) , and later used to transplant SCN from animals with short or long freerunning rhythms to SCN ablated animals, resulting in full restoration of the transplanted properties (Ralph & Menaker 1988). The term 'clock' is loosely defined and often used. In fact, a clock is a chronometer, and is able to provide the actual time. In the circadian field, this would be close to an entrained oscillator."
A core theme is that daylength/ photoperiod is encoded by the duration of elevated electrical firing in the SCN. The Authors should point out one important biological relevance of this: the photoperiodic, SCN-dependent control of the duration of nocturnal melatonin secretion by the pineal gland. SCN waveform is important in seasonal timing because of its effect on the corresponding melatonin profile, and all mammalian photoperiodic seasonality springs from that (no pun).
The C57bl6 mice used in the mentioned study are deficient in melatonin, but still show seasonal variation in locomotor activity pattern. We added a sentence indicating that various hormones involved in seasonal adaptation (melatonin but also prolactin) are essential for different physiological adaptations to the seasons, and that their profile is under the control of the SCN.
We modified and added: "The phase distribution among SCN neurons governs the seasonal dependent changes in the duration of activity and rest (vanderLeest et al., 2007; Houben et al., 2009) . Of note, seasonal changes in physiology such as gonadal function and prolactin surge, require modulation of pineal melatonin and hypothalamic estrogen receptor stimulation respectively, the latter by direct output of the SCN (Coomans et al., 2015) ."
Our statement is slightly more differentiated and supports the idea that fixing the age-related clock deficiencies will have a positive effect on neurodegenerative disorders. We agree that the reference is not sufficient and replaced it with a better fitting review, which points out the sleep-wake cycle as a modulator of AD pathogenesis, which the reviewer rightfully mentions as a valid argument.
"Therefore, understanding the cellular mechanisms of aging-associated clock disorders, will allow targeting and restoration of circadian dysfunction and at least alleviate the symptoms of neurodegenerative diseases (Musiek et al. 2015) ."
The cited TTX experiments highlight the necessity of SCN activity to suppress mouse behaviour, but has the effect of direct interventions, by optogenetics for example, shown the sufficiency of SCN firing?
We have rewritten the parts dealing with this topic, also to answer point 5 of the reviewer. I have actually performed these experiments, and the previous writing style suggested that this was speculation. Instead these were results. The new version of one of the paragraphs dealing with this is:
"Moreover, we observed that the waveform of the SCN rhythm depends on the ratio between the endogenous period (tau), and the period of the external cycle (T). When tau > T, such as in short external cycles of for instance 22 h, the trough of the rhythm is skewed to the left and occurs shortly after the onset of darkness. When tau < T, the waveform is skewed to the right and the trough is about 6 hours later. When we gradually decrease the T cycle length from 26 to 24 hours, we observe almost identical trough times in the SCN rhythms at the end of the night. A sudden transition occurs when T is lowered further, from 24 to 22 h, and the trough time flips over to the beginning of the night. And thus, it appears that a small change in tau, around T = 24 hours, results in major shifts in the trough of the SCN rhythm. This phenomenon can potentially explain the difference in preferred activity times between early and late chronotypes, or between adolescents and aged individuals. While the difference in their cycle length is only minor, the slight shift from tau > T (adolescents, late chronotypes) to tau < T (aged individuals, early chronotypes) impacts the SCN rhythm waveform, and hence the preferred time of being active in the evening or in the morning (Houben et al, 2014) To further test the causality between electrical activity and activity levels, we injected TTX into the SCN in freely moving animals." The causality was indeed tested by selective sleep deprivation in this study (Deboer et al, 2003) . For instance keeping the slow-wave activity artificially to a low level after transition to NREM sleep prevents the decrease in SCN neuronal activity level.
5. "…While the difference in their cycle length is only minor, this can have huge impact on their temporal profile, as a consequence of a sudden transition in SCN rhythm-waveform…." I love this point but it really is pretty speculative (huge?) and so could be rephrased as such? Perhaps the measures of phase we have are inaccurate and the "huge" differences are in error or are caused by something else other than a tiny variance of Tau?
See the answer to point 4a: I indeed performed these experiments, and this was no speculation. I removed the word "huge". 6. I love this even more "….The doctrine of making phase response curves has thereby hidden the possibility that stimuli have immediate effects….." -"to paraphrase: we've been looking in the wrong way". This is a real take home message for me in reading the ms. Thanks for the thorough read-through. Above mentioned have been fixed.
Reviewer: 2
I enjoyed reading the manuscript and my comments are relatively minor:
1)
On page 3, the first sentence of the Introduction notes the importance of the discovery of the SCN as the mammalian clock. I would suggest citing Stephan and Zucker, 1972 and Moore and Eichler, 1972 here. We agree with the reviewer's suggestion and added the references.
2)
Throughout most of the manuscript, findings are discussed in present tense. I noted a few cases where past tense might be changed to present for the sake of consistency (e.g., p.3, 3rd para, line 8 -change 'were' to 'was'; p.4, 2nd full para, line 5, change 'was' to 'is' Thanks for pointing this out. The preamble is meant to remind the reader of the potential benefit of maintain or reinforcing a synchronized network in the SCN. We modified the sentences to lead to the cellular deficits described in the rest of the paragraph 5) P. 6, at the beginning of the photic entrainment section, the authors describe non-parametric entrainment, making it appear as though entrainment only occurs through this mechanism. Later in this section, the authors allude to parametric entrainment when describing differences between diurnal and nocturnal animals. I suggest describing both mechanisms of entrainment at the beginning of the section to inform naïve readers of the two mechanisms of entrainment and set the stage for later discussion of parametric entrainment. Done, we now write: "In addition, light exposure will also affect the speed the internal clock, leading for instance to increased period length of circadian rhythms in locomotor activity in nocturnal animals. This effect of light is also thought to contribute to synchronization of the clock to environmental light/dark cycles." We have also provided references.
6)
P.6, in the discussion noting the discovery that rods/cones are of importance for photic entrainment following the identification of ipRGCs, the authors might consider citing Panda et al., 2003 and Ruby et al., 2002 since these were early demonstrations that entrainment is only marginally affected in Opn4-/-mice.
We modified the sentence and added the references
7)
P.6., 7th line from the top, 'exhibit' should be 'exhibiting' to be in agreement with 'showing' earlier in the sentence. done 8) P.6., lines 10-11 from the top, 'Therefore understanding the cellular mechanisms…' -the second half of this sentence might read better as '…will allow targeting and restoration of circadian dysfunction…' Done 9)
P8., top, two genus/species mentioned should be in italics done 10) P8., second full para, '…is also at the level' might be changed to something like 'is also observed at the level…'
We changed it accordingly 11) P.9, ad libitum should be in italics done 12) P.10, in vivo should be in italics done 13) P.11. first line, 'SC' should be 'SCN'
Done
We thank the reviewer for her constructive comments, and taking care of our manuscript.
